INTRODUCTION
============

In most cases of type A esophageal atresia (EA), immediate primary anastomosis is difficult to perform because the intervals between both ends of the esophagus are longer than that in other types of EA. Usually, gastrostomy can be priorly performed, followed by either esophageal replacement or delayed primary anastomosis; however, each procedure has its own advantages and disadvantages \[[@B1]\]. The advantage of performing early gastrostomy followed by esophageal replacement with gastric tube is that the anastomosis can be performed by reducing the tension in cases where the length of the esophagus is insufficient; however, this has been reported to result in gastroesophageal reflux (GER) and anastomotic stenosis because of the change in the location of the gastroesophageal junction to the chest, which is caused by raising the mobilized stomach through the hiatus \[[@B2]\].

In cases where delayed primary anastomosis after early gastrostomy is performed, the prognosis associated with GER and swallowing function is reportedly better because the native esophagus is preserved \[[@B1]\]. However, providing continuous treatment in the neonatal intensive care unit (ICU) until the esophagus reaches an appropriate length has disadvantages that such as the cost and the risk of pathogenic infections, including repeated pneumonia due to aspiration \[[@B3]\].

Therefore, in this study, we aimed to compare the outcomes of different types of surgical treatment for type A EA by evaluating the patients from a single institution.

METHODS
=======

We performed a retrospective study using the medical records of 22 patients (13.4%) who were found to have type A EA, among 164 patients diagnosed with EA at our institution from January 1980 to December 2011.

The demographic factors such as sex, birth weight, gestational age and associated anomalies, as well as the diagnostic method, operative method, complications, treatment for the complications, and outcomes were investigated.

If asymptomatic stenosis at the anastomosis site was detected on esophagography, it was categorized as mild; in addition, cases that improved after endoscopic balloon dilatation (EBD) were categorized as moderate, whereas and those requiring surgical treatment were categorized as severe. With regard to GER and anastomosis leakage, cases that exhibited an improment after conservative treatment were categorized as mild to moderate, whereas those requiring surgical treatment were categorized as severe.

For the analysis of outcomes according to operative methods, 21 patients excluding 1 patient who received primary esophageal end-to-end anastomosis without gastrostomy were divided into the end-to-end (E-E) and esophago-gastric tube (E-G) groups. The E-G group was further divided into the isoperistaltic and antiperistaltic groups depending on the peristaltic direction of the gastric tube. We used PASW ver. 18.0 (SPSS Inc., Chicago, IL, USA) for statistical analysis, along with the Mann-Whitney U test and the Fisher exact test; the significance level was set at P \< 0.05.

RESULTS
=======

Patient demographics
--------------------

The 22 type A EA patients who received surgery at our institution comprised 12 male and 10 female patients (ratio, 1.2:1). Except for 1 patient for whom the gestational and birth weights were unknown, the median value for gestational age in the other 21 patients was 37.5 weeks (range, 32-42 weeks) and the median birth weight was 2.5 kg (range, 1.5-3.3 kg). Seven patients (31.8%) were premature babies aged \<37 weeks, 11 patients (50%) were low birth weight babies weighing \<2.5 kg, and 1 patient was a very low birth weight baby weighing \<1.5 kg ([Table 1](#T1){ref-type="table"}). Among the 22 patients, 14 (63.6%) showed a total of 38 associated anomalies. Cardiovascular malformations accounted for the highest frequency of anomalies (9 patients, 40.9%) ([Table 2](#T2){ref-type="table"}).

The median gap between the proximal and distal esophagus in all patients was 6 (range, 2-7) vertebral distance (VD).

Diagnostic method
-----------------

Among the 22 patients, 10 patients received prenatal diagnosis based on the presence of polyhydramnios and the absence of gastric air shadow on fetal ultrasonography. In cases where type A EA was suspected, the diagnosis was confirmed based on the absence of air shadow on plain abdominal images and the twisting of the gastric tube with a blocked entrance after birth. Twelve patients were diagnosed postnatally; 10 patients showed no gas shadow on the x-ray with a blocked gastric tube entrance after birth, whereas the other 2 patients were diagnosed based on the finding of a barium esophagogram at different institutions. The distance between the both ends of the esophagus was measured by using the VD.

Operative method
----------------

In 1 patient, primary esophageal end-to-end anastomosis was performed because the esophageal end-to-end length was found to be 1.5 VD even when thoracotomy was done without gastrostomy. In the other 21 patients, gastrostomy was priorly performed, whereas 2 patients also underwent cervical esophagostomy, at different institutions, because of severe drooling despite continuous postoperative oral suction. Nasogastric tube insertion was performed through the proximal esophagus at the time of the definitive surgery, and the esophageal end-to-end distance was measured using the radiograph taken with a Hegar dilator *in situ* in the distal esophagus through the gastrostomy. When the length was less than 4 VD, end-to-end anastomosis was performed; however, if the length was same or more than 4 VD, esophago-gastric tube anastomosis was performed. End-to-end anastomosis of the esophagus was performed in 7 patients after gastrostomy, and esophago-gastric tube anastomosis after gastrostomy was performed in 14 patients.

### Gastrostomy

Of 21 patients, 10 patients were transferred to our institution from other institutions after gastrostomy, whereas the other 11 patients received the procedure at our institution. We performed tube gastrostomy according the Stamm method using a 14-Fr Malecot tube or a silicon-type gastrostomy tube. Gastrostomy was performed in the antrum of the greater curvature of the stomach, considering the possibility that gastric tube replacement would subsequently be performed.

### Esophageal end-to-end anastomosis

For esophageal end-to-end anastomosis, all procedures were performed in the right fourth intercostal incision, excluding 1 case performed in the thoracoabdominal incision. Intrathoracic anastomosis was performed in all cases. Among these cases, anastomosis was performed in 4 patients by the dissection of the gastroesophageal junction and the stomach fundus using an additional abdominal incision, as the distal esophagus had great tension during anastomosis. In 2 cases, pyloroplasty was performed because of suspected damage to the vagus nerve during surgery. In 2 patients, we attempted to extend the length of the distal esophagus by using bougination through a gastrostomy between the primary gastrostomy and secondary esophageal end-to-end anastomosis procedure.

### Esophago-gastric tube anastomosis

A gastric tube was created with greater curvature of the stomach by using GIA, and the diameter of the gastric tube was determined on the basis of chest tube (12-20 Fr) depending on the patients\' weight (if body weight at operation \<2.5 kg, 12 Fr was used; whereas if that ≥2.5 kg, 14 Fr or 20 Fr was used.) An isoperistaltic conduit, which involves the alignment of the gastric tube in the same direction as the gastric peristalsis, was applied in 9 patients, whereas an antiperistaltic conduit, wherein the alignment is in the opposite direction of the gastric peristalsis, was used in 5 patients. In addition, the gastric tube was placed through the mediastinal route in 11 patients; however, in 3 patients, the retrosternal route was used because of a history of operation at the mediastinal area or combined heart disease.

Anastomosis was performed by using a thoracic approach in cases where the esophageal proximal blind pouch was located in close to the carina, or by using the cervical approach in cases where the proximal blind pouch was located in the cervical area or in the thoracic inlet.

Anastomosis of the gastric tube was performed in the thoracic esophagus in 4 patients and in the cervical esophagus in 10 patients. For thoracic anastomosis, the right second intercostal space (ICS) approach was used for 1 patient, whereas the fourth ICS approach was used for 3 patients. Cervical anastomosis was performed by using the left side in 7 patients, the right side in 1 patient, and the previous esophagostomy site in 2 patients. In 3 cases, vagus nerve injury was suspected and pyloroplasty was simultaneously performed.

### Postoperative management

For the stabilization of the anastomosis site after esophageal end-to-end anastomosis or esophago-gastric tube anastomosis, ventilator care with sedation was maintained for 2 days. After surgery, a nasogastric tube was kept for 7 days, and we checked esophagography on the 7th postoperative day. Food intake was permitted in cases where no leakage was detected. In case food intake was difficult owing to swallowing discoordination or reflux caused by long-term fasting, a nasogastric tube was used to support nutrition and it was kept when the patients were discharged from the hospital. After discharge, they kept feeding via nasogastric tube and they could eat orally without nasogastric tube within postoperative 3-6 months.

The 1 patient who received primary esophageal end-to-end anastomosis without gastrostomy was born in 1980, and is the first such case. This patient was a male who was born at the gestational age of 38 weeks; his birth weight was 2,500 g, and he did not have any associated anomalies. He was transferred to our institution 7 days after birth because of continuous vomiting and pneumonia, where he received esophageal end-to-end anastomosis on the 9th day of birth. His VD was 1.5 and his weight at the time of surgery was 2,610 g.

At the time of gastrostomy, the median age was 1 day (range, 0-9 days). Moreover, the median weight at the time of surgery was 2.4 kg (range, 2.1-3.3 kg), and the median postoperative ICU treatment period was 15 days (range, 4-23 days).

Except for 1 patient who received primary esophageal end-to-end anastomosis, the median age at the definitive surgery was 8 months (range, 4-12 months). The median weight at the time of surgery was 8.2 kg (range, 6.1-12.3 kg), the mean postoperative ICU treatment period was 4 days (range, 1-14 days), and the median interval between primary surgery and definitive surgery was 259 days (range, 145-370 days).

The median follow-up period was 94.5 months (range, 1-316 months) and there were no deaths among the 22 patients during the follow-up period.

### Complications

Among 21 patients who received gastrostomy, 3 patients (14.3%) had gastrostomy-associated complications. Two patients had gastrostomy malposition, and 1 patient had gastrostomy leakage. All patients underwent gastrostomy revision and showed improvements.

However, complications were noted found in all cases after the definitive surgery. Anastomosis leakage occurred in 3 patients (13.6%). This was found to be mild in 2 patients who recovered after conservative management such as tube feeding and were discharged after oral food intake on the 19th and 29th days after the surgery. However, 1 patient showed signs of mediastinal expansion on the 2nd postoperative day with suspected anastomosis leakage; in this case, we repaired the leakage site after explorative thoracotomy.

Anastomosis stenosis was detected in 9 patients (42.9%). Except for 1 patient who did not have symptoms, EBD was performed in 8 patients with stenosis. EBD was performed repeatedly from 2 to 9 times (average number of times, 4) from the 27th day of the anastomosis. Three of 8 patients who received EBD showed improvement (33.3%); however, 5 patients did not show improvement and required resection of the stenosis area and underwent reanastomosis. Among the 5 patients who received resection of the stenosis area, 2 patients smoothly progressed to meal intake whereas the remaining 3 patients again developed stenosis after surgery and received EBD from 2 to 5 times; at present, they are on a normal diet without any problems.

GER was observed in 20 patients (90.9%). The symptoms were severe in 1 patient, and Nissen fundoplication and pyloroplasty were performed. Nineteen patients showed mild to moderate symptoms and received conservative treatment such as medication therapy. During the follow-up period, 11 patients did not experience any reflux symptoms and 11 patients showed mild symptoms such as intermittent coughing after overeating or at night.

In addition, complications such as pleural effusion, wound infection, pneumonia, esophageal hiatal hernia, delayed gastric emptying, cardiac arrest, ileus, and dumping syndrome were observed. Ileus, pleural effusion, delayed gastric emptying, and dumping syndrome improved with conservative management, whereas esophageal hiatal hernia is being observed through the outpatient clinic as it is asymptomatic.

### Comparison of secondary E-E vs. E-G

The median gap was 3 VD for the E-E group and 6 VD for the E-G group, with the E-E group showing a significantly short gap. There was no significant difference between the 2 groups with regard to patient demographics, weight, and age at the time of surgery ([Table 3](#T3){ref-type="table"}).

No significant difference was noted between the 2 groups with regard to anastomosis leakage. Stenosis was found to develop more frequently in the E-E group than in the E-G group (P = 0.001). In particular, severe stenosis occurred in 57.1% of patients in the E-E group, which was significantly higher than that in the E-G group.

In addition, GER was found to develop more frequently in the E-G group than in the E-E group, but the difference was not statistically significant. In the E-G group, GER occurred in all patients ([Table 4](#T4){ref-type="table"}).

No significant difference was noted between the 2 groups with regard to the other complications. Among the patients in the E-G group, when comparing the patients according to the use of an isoperistaltic tube or an antiperistaltic tube, no difference was noted in the frequencies of leakage, postoperative stenosis, or GER ([Table 5](#T5){ref-type="table"}).

DISCUSSION
==========

Type A EA is characterized by a wide interval between the proximal and distal esophageal blind ends, which makes primary anastomosis difficult \[[@B4]\]. According to Humphreys and Ferrer Jr \[[@B5]\], the first case with a successful surgery of type A EA was in 1946. The baby was born in 1935 and was survived with maintaining food intake via gastrostomy \[[@B5]\].

In type A EA, primary anastomosis is possible if the gap between both esophageal ends is short; however, in cases with a wide gap, esophageal reconstruction is performed by using various organs.

Since Howard and Myers \[[@B6]\] performed successfully delayed esophageal end-to-end anastomosis by expanding the upper esophagus with a mercury bougie for 5 weeks, delayed esophageal end-to-end anastomosis after upper esophagus expansion had been performed until the late 1970s. Thereafter, esophageal end-to-end anastomosis as a delayed procedure has been performed widely for its physiological approach, postoperative functionality, and high patient satisfaction.

Despite a slight abnormality in the peristalsis of the esophagus, conservation of the native esophagus has been preferred as it is the best conduit in itself \[[@B7]\]. In addition, as the physiological function and structure of the esophagus are conserved as much as possible for patients who received primary end-to-end anastomosis, it has been reported that superior prognosis is noted in terms of function related to swallowing and GER \[[@B1]\]. Maksoud-Filho et al. \[[@B1]\] also reported that the long-term prognosis was good in terms of swallowing and GER for patients in whom the esophagus was conserved.

After 12 weeks from the birth, it is reported that esophageal end-to-end anastomosis could be successfully performed by complete dissection around the esophagus, maintenance of ventilator care, and circular muscle resection in order to avoid excessive tension after surgery \[[@B7]\]. In the initial period after birth, the growth of the esophagus is fast and secondary GER or the stenosis caused by this reflux can be medically treated. It has been argued that the esophagus with anastomosis does not show the abnormal mucosal lesion that in observed in other reconstructive operations, and follow-up shows good functional outcomes \[[@B8]\].

However, conserving the native esophagus in EA patients with long gaps is not always feasible. In that case, end-to-end esophageal anastomosis can cause high perioperative complications. Therefore, it is necessary to reduce the tension and facilitate the surgical process by creating a \"conduit\" \[[@B9]\]. In other words, after creating and developing an esophagostomy and gastrostomy, esophageal replacement using other structures, such as the colon, stomach, small intestine, and the damaged part of the esophagus, is performed \[[@B8]\].

Esophageal replacement with the colon has been widely performed until the late 1980s, as the procedure was easy to perform. Postoperative leakage of esophago-colon anastomosis occurred in 30%-50% patients, and accompanied various complications such as anastomosis stenosis, sagging and stasis of the intrathoracic dislocated colon, and necrosis of the bowel segment \[[@B8]\]. Recently, stomach replacement has been widely used, and Spitz et al. \[[@B10]\] has argued that this procedure is desirable as it has higher patient satisfaction and lower rate of postoperative complications than the colon replacement method. However, careful monitoring is necessary for the early diagnosis of postoperative esophagitis, Barrett\'s changes, and atrophic gastritis. In some cases, it has been argued that using the stomach route in EA is preferable, as the blood flow is sufficient and the length can be measured; moreover, there is an original resistance to acid and the ability to maintain the shape of the tube without separate expansion \[[@B11]\]. Reconstructive surgery using the small intestine includes the Roux-en-Y method or the transposition method with a small intestine graft by using microvascular anastomosis; however, this is rarely performed in children due to the unstable vascular connection created after anastomosis \[[@B12]\]. Various esophageal replacement surgeries can reduce esophageal stenosis and GER by reducing the postoperative tension in the anastomosis site; however, they are time consuming, complex, and may result in the expansion and change in the shape of the organ, as well as ulcers or bleeding due to reflux \[[@B13]\].

The need for esophageal replacement by using a conduit and end-to-end anastomosis is determined depending on the gap between the esophageal ends; however, identifying the esophageal gap is difficult. At the time of EA diagnosis, the location of the proximal esophagus can be predicted roughly by means of x-ray images, on the basis of the location of the Levin tube; however, the location of the distal esophagus cannot be identified accurately despite the use of ultrasonography. Even if the VD was identified in the combination of ultrasonography and the gastrography with contrast via gastrostomy, most cases show discrepancies with actual surgical findings \[[@B7]\]. In this study, we attempted to identify the location of the distal esophagus by using a metal probe via gastrostomy before surgery, and this provided a more accurate assessment of the location than the gastrostomy tube contrast method before surgery, and also matched the findings confirmed during surgery. Therefore, we suggest using a metal probe in order to accurately identify the location of the distal esophagus.

Among the 22 patients examined in this study, 1 patient who received the first surgery in 1980 underwent esophageal end-to-end anastomosis without bridge operation, whereas the other 21 patients all received primary gastrostomy. The VD of the E-E group and the E-G group were 3 and 6, respectively, with the E-E group showing a significantly short gap. The results of this study indicate that, in the case of type A EA, definitive surgery is considered if the weight is approximately 9 kg at 8-9 months after the primary gastrostomy, and the decision of whether to perform end-to-end anastomosis or esophago-gastric tube anastomosis should be based on the VD at the time of the definitive surgery.

Postoperative complications mostly involve anastomosis \[[@B14],[@B15]\]. According to a previous study, anastomosis leakage, anastomosis stenosis, GER, repeated pneumonia, and sepsis with GER accounted for most of the cases of complications \[[@B16]\].

Anastomosis leakage has been reported to occur in 37.5%-45.0% of patients \[[@B17]\]. The factors involved in anastomosis leakage include the use of silk sutures, anastomosis tension, ischemia due to an excessive dissection in the distal esophagus, and technical failure \[[@B18]\]. Anastomosis leakage is an important complication directly associated with death. In the cases of mild leakage, conservative treatment can include parenteral nutrition with antibiotics under fasting conditions; however, in cases where leakage is severe, appropriate drainage is most important \[[@B19]\]. Rescorla et al. \[[@B20]\] reported that approximately 50% of patients from the esophageal end-to-end anastomosis group showed anastomosis leakage but spontaneous recovery was noted after conservative treatment. The leakage rate in this study was 13.6%, which is lower than that reported in previous studies. In addition, there was no statistical significance as it occurred in 28.6% of the group receiving end-to-end anastomosis or in 7.1% of the esophago-gastric tube anastomosis group, with a slightly higher tendency in the end-to-end anastomosis group. This result supports previous findings that esophageal replacement with gastric tube helps in reducing tension in anastomosis and lowers anastomosis leakage by sufficiently adjusting the length and allowing for good blood flow compared with replacement with other organs.

Chun and Kim \[[@B21]\] reported that anastomotic stenosis occurred in 52.2% of type A EA surgeries, which mostly improved after EBD or bougination, including some cases requiring reoperation. The use of silk sutures, one-sided anastomosis, anastomosis tension, the experience of the surgeon, anastomosis leakage, and GER can also be factors causing stenosis \[[@B22]\]. In this study, anastomotic stenosis occurred in 47.6% of patients, similar to the frequency reported by previous studies \[[@B23]\]. In the comparison of the E-E group and the E-G group, stenosis occurred more frequently in the E-E group with statistical significance, and severe stenosis also occurred significantly more often in the E-E. This suggests that, in order to avoid stenosis, the method should be selected to ensure maintenance of blood flow and reduction of tension.

Since the first report of its use in a pediatric patient in 1984, the use of a balloon catheter for the treatment of esophageal stenosis has been performed \[[@B24]\]. According to previous reports \[[@B25],[@B26]\], the success rate of EBD was 93%-97%; however, the success rate in this study was 33.3%, and surgical treatment was performed when the patient showed no response to EBD \[[@B27]\].

GER is reported to be the most common complication \[[@B3]\]. Burjonrappa et al. \[[@B28]\] reported that collapse of abdominal antireflux mechanism and distal esophageal motor function occurred if the distal esophagus is pulled excessively during anastomosis. Abnormality in the vagus nerve, reduction in the intra-abdominal esophagus due to excessive mobilization, anastomosis with tension, and abnormal peristalsis of the esophagus have been reported to be factors associated with GER \[[@B27]\].

Postoperative GER occurs in 18%-70% of cases \[[@B29]\]. Patients with GER require EBD because of the risk of a secondary occurrence of anastomotic stenosis \[[@B27]\]. In case no response is seen after antireflux medical treatment, fundoplication or temporary stent insertion is required \[[@B29]\], and EBD is very rarely required for symptom relief after the surgery \[[@B27]\].

Although GER occurred in almost all patients in this study (90.9%), the percentage of which was higher than that reported previously, the proportion of cases requiring surgery was rather lower at 10% and most cases showed improved symptoms with medical treatment. This may be a result of the initiation of active treatment following the identification of mild GER during follow-up. As GER can make oral intake difficult and cause repeated aspiration pneumonia, it needs to be controlled for improving the quality of life through close follow-up with endoscopy \[[@B30]\]. In addition, although no statistically significant difference was observed between the E-E and the E-G group, GER occurred in all the patients in the E-G group. Moreover, no difference in GER was noted despite the change in conduit from isoperistaltic to antiperistaltic. This is believed to be due to the disappearance of the existing esophageal area after the surgery, and appropriate treatment is necessary for GER when a replacement procedure is performed.

In conclusion, type A EA accounted for approximately 13.4% of all EA cases. Depending on the length of the end-to-end interval, the treatment for type A EA was carried out by performing esophageal end-to-end anastomosis or esophago-gastric tube anastomosis after gastrostomy performed immediately after birth.

On comparing the patients who received esophageal end-to-end anastomosis and esophago-gastric tube anastomosis, stenosis occurred significantly more often in the end-to-end anastomosis group; however, no difference was noted between the 2 groups with regard to leakage and GER. Therefore, appropriate tension in the anastomosis site and appropriate blood flow in the esophagus are key factors for preventing postoperative stenosis and leakage, and esophageal replacement is believed to be a feasible and safe procedure in cases where excessive tension is present.
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###### 

Patient demographics
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VD, vertebral distance; Bwt, body weight; E-E, esophageal end-to-end anastomosis; E-G, esophago-gastric tube anastomosis.

^a)^In case of primary esophageal end-to-end anastomosis without gastrostomy.

###### 

Combined congenital anomalies
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PDA, patent ductus arteriosus; ASD, atrial septal defect; PFO, patent foramen ovale; CP, cerebral palsy; PVL, periventricular leukomalacia.
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Comparison of demographics between the E-E group and the E-G group
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Values are presented as median (range). Statistical significance was tested by using the Mann-Whitney U test.

E-E, esophageal end-to-end anastomosis; E-G, esophago-gastric tube anastomosis; VD, vertebral distance.

###### 

Comparison of the outcome between the E-E group and the E-G group
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Values are presented as number (%). Statistical significance was tested by using the Fisher exact test.

E-E, esophageal end-to-end anastomosis; E-G, esophago-gastric tube anastomosis; GER, gastroesophageal reflux; CPR, cardiopulmonary resuscitation.

###### 

Analysis of complications according to the anastomosis method in the E-G group
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Statistical significance was tested by using the Fisher exact test.

E-G, esophago-gastric tube anastomosis; GER, gastroesophageal reflux.
